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THE DECIGN AND UOE OF 4 BUCHANT MISSIIE FOR THE
RECOWERY C7 ANGLED AXRPOW FROJECTILE COMPONENTS

Prepared bys

R, L, Detwiler
"' So H, Kauffman

ABSTRACT: This report summariges the developzent ¢f e raliable method
fur recovering AAP component parts aftsr they are gun fired at approxi-
mately 4,000 7t/sec. This rethod requires the use of & buoyant missile
fired over wnter and then reaczered. A number of experimental sondez,
rocket notor sub-assembling, and fuzes have been successfully recovered
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THE DESIGN AND USE CF A BJOYANT MIGSILE FCR THE
RECWERY OF ANSLID ARRCW FROJECTILE COENPOMENTS

1NCRODTINICH

1, The develoyment of orduance components is generally haapered by tho
lack of rigorous laboratory simulation of the loads imposed on the
components when the missile 1s fired {rom a gun. This is particularly
trie for elecctronic compcnents, since their mechanical strength is
Aiffisult to determine and they are often subject to damege by shock or
impact loading. Certain msthods, such as the airgun ernd drop tests,
provide ¢ 1limitcd simulation of the load conditions. At an carly stage
of the Angled Arrow Projectile Program, however, more acourate simulstion
was desired so trct a program to provide it was instituted,

2, Since firing froa the agpropriaste gun and thsn recovering the parts
provides a realistic epproach, efforts were directad toward the develop-
ment of a simple, reliable recovery system., Several systems were cone
sidered. It wsa decided that the use of a buoyant missile, fired over
vater and recovered by boat, wvas most practicable, This technique glso
made it possible to monitor the PF sigral frem the suids in flighi,

3o Since the AAP is a sub-caliber projsctile haviug a body diameter of
4.5 inches and is fired from an 8/55 gun, it is cvident that the sare
gun could be used for the tucsyant missile, The pa:imum disueter of the
ocomponents to be carried is approximately 3.5 inches eand the difference
wween this and the bore dlamster provides su{ficient wall thickmess
for the nissile, The requiced cover-ister firing site is suitadbly pro-
vided by the Potomac River firing range at Favel Proving Ground,
MMQ Vh‘gin.tBo

4> The initial deslgn work was carried out in early 1952 and two
exrerimental missiles wera constiructed ard fired, Thesa are designated
23 Rounds 1 and 2 in Table 1. The first round, fired at slightly reduced
charge, was recoverzc intact, but only a part of tha second round, fired
at full charge; was recovarcd, The firing of theses rounds served to
11llustrats the fea3ibility of the technique and the required design
revisions, The design of thess two rounds 1s covered in TN-2129, and 2
photograph ¢ the recoverad Round 1 is included in NAVORD Report 2612,

Miseile Design

5. Following the dsmonsiration of the feasibility of the technique,

certeln besic design parsmeters were established, The vehicle was to
be constructed primarily to carry a standard AAP sonde vackage, having a
veight of 7.0 pounds. The round was to be fired from an 8,25"/55 smooth
bore gun, In order to simulate thn actual Lellistics, the total round
vas to weigh approximately 105 pounds and the nuzzle velocity to be
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4000 ft/eco. With this weight amd muzzle velocity, the meximua design
ecceleration would therefore be 15,000 go

6o The complete roun( as desismed consists of two parts, the body end
the slug, and is shovn in Figure 1. The body 13 ths buoyant part which
enclosses the component being tested, The slug brings tre round to the
regquired weight and providass obturation in the gum. The slvg and the
body separate in flight shortly sfier emerging from the gun.

7o The main purt of the body j= mado of 14 Airmad thick suger pine

planks glued up with the grain parsllel to ths longitudinal axis., This
wood is used since it is e readily available material vith a high strength
to weight ratio, The wood is dried tc 10-12% moisiure content, then
finished and assemblzd vusing Penacolite Adhesive G~1260. The front cover
is made of maple, alsc held in place by glue and acrews. Maple 18 ueed
because the front cover acts as a bore riding swfacas and must withstand
abrasion. The rear plate and sonde support sleeve are aluminum. The
plate is orimed with Cycleweli C-3 and held in place with Armstrong Al
adhesive and screws,

8. Figure 1 shows the firs? nissiles constructei to this design. Altlough
the two early missiles (Rounds 1 and 2) incorporated a fiberglas wrapping
around the outside diameter, ithis was eliminated om Rounds 491 end LR,
Examiration of the photographic deta showed t'at these two rounds broke

up after leaving the gun. It was thought that the exposad znd grain om
the rear surface of the body was the most vulnerable part and should be
covered with fiberglas. Since there was still some question as to the
necessivy of covering the sides of the body, Round 496 was prepared with
only the rear svrface covered and round 495 was made up completely wrapped.
Upor firing, Round 496 broke up, tut Round 495 was recovered intact, thus
indicating the .aecesaity of completely wrapping the body. All succeeding
rounds were treatod in this manner with the addition of a red dye in the
wrapper as an aid in epotting the floating missile, The technique of wrap-
ping thn missiles in fiberglas is described in NAVORD Report 2795,

9. The general design characteristics of the first models are as followss

Weight of Sonde - 7 pounds
Total Weight of Body = 21 pounds
Positive Buoyancy -~ 10 pounds without water in cavity

- 8 pounds with water in cavity

Total Welght of Round - 105 pounds

Stress level in wood at rear of body -~ 3,500 psi

Hendbook permissabie stress in compression parallel to grain --
4yT70 pei

10, In the first design ihe front cover was provided with a sloping
surface. This surface war Intended to cause the round o gquickly tumble
ia flight and therety aid in the seperation cf the body and the slug.

On Romd 553 this surface was replaced by a flat cover. Since the
arrangament operated satisfactorily, the slope was eliminated cn all
following rounds.
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11, In the course of the firing taais, other =inor modifications have

been incorporated to improve the ccnstruction., Thse last two missiles,

Rounds 576 and 577, had the front covers bolted but not glued to provide

ar easy and fast nethod for assembling and disasseibling the aissiles.

The present design, as modified, is shown in Figurs 2., In addition,

spacial alterations have been made to certein rounis to sccammodate

cuuponents other than the scnds for which the missile was designed.

Figure 4 shows a standard mi:.ile that was modified to accommodate a

completa AAP rocket motor. This £s Round 569 in Table 1 and carried p
the heaviest. componsnt fired. Other changes had bsen planned for future i
rounds such as the replacenent of the woocem front cover with g fiberglas

or alwminum cover to overcome cover warpage and the use of weldwood glue

in place of the penacolite udhesive to facilitate the fabrication of the

missile,

Firing Results

12, A summary showing all rounds fired to date, including those modified,

is shown in Tcole 1. It may be sean that, since the start of the fiber-

glas vrapping, only one round (5€5) hes failed structurally and not been
recovered. This particular rouné carried tricers with the slug drilled

through, pesmitting the buraing gas to ignits the tracers. Apparently

this gas impinging or the bass of the body caused the failure of the

round, Two other rounds {572 end 573) wers lost when the water became

rcugh and the retrieving boat could not locate them upon reaching the area

vhere they were last neer, ‘

13. Figure 3 is g pho*ograph of the recovered and disassembled Round

557. The missile has not been damaged and iu suitable for future ’
firing, Round 509 was refired three more times (as Rounds 553, 555

and 567) before it was dsmeged during disassembly. Some rounds have ]
been refired several times and otners are suitable for refiring after

making minor repairs,

CONCLUSIONS

Lio By the use of a buoyant mi=sile fired over ths water, a relisble
recovery tcchniqis hias beon developedc. The buoyant missile, as designed,
vill acccmmodate the AAP sonde and certain otlier componcnts of the same
general size and weight, This technique provides an accurate simulation
of the actual loads imposed on the compcnent, since the firing tests

are conducted under the same ballistic conditions. With this technique
it has been sible to test~fire experimentel components, record gener=-
ated sonde s s recover fired components and exsmine them in detail
for structural failure and other malfunctions. The technique has
peraitted the rapid evaluation of certain new designs, thereby expediting
development work, especially in the electronic field, in the AAP Program.

3
CONFIDERTIAL
SECIRITY INFORMATION

o+ oo e
ORI eey '.‘h‘Wp ks . ;
DX - ‘dpﬁﬁ“" b sameens el T %2 .
N e B -s:;r »?‘m‘;;’;lﬁ‘h ]

-t . g ok

pEg PR

=, K

. ap o 0t -

e -

e o G Ny N e e e g Je ..




- -

-

GONFIZENTIAL
NAVORD Revcrt 2898

.
"o

Appendix A
. Draving Title Drgwing MNurber
Bucyant Misaile
| Pinocchio I} Asemblys - = = = = = = = « - - - = = BuOrd Sketch 356575
Body = = = = - =~ S .- - - = = BuOrd Sketoh 353651
P]‘te - e @ s e > o @ o e W @ o @ B W = ®» - o o o o Buord sketch 356576
. Deflector Plate = @ v e c e e e e v e c ca e e e - BuOrd Skatch 356603
, Deflector Plato = = =« = = = e = = = = = = = = = = = BuOrd Sketch 357648
Sleove SUPPOTt =« = ® e e e c e e e e = = - - - - - BuOrd Sketch 373519
SleGVE = = = * c e e e = = T - = - - - = - = - = = BuOr3d Sketch 253653
Glass Cloth Wrapper « = « = =« « = = -, - - - BuOra Sketch 422420
Missile Modification for Rocket Motor
Modified Pinoochi0 e c e e e m e e c e e e e m = = BuOrd Drawing 1370697
Bw_y M en > @ W > w W e @ e @ @ E oo "o o e - Bqud meing 1246624
i Support Plate « = - = ~ e ceccc e ce e - BuOrd Drawing 1246623
m'.-—-----;-n- --------- ----B‘mmvingRL&l?
, Sleave « = « @ wc - = = = = - = = - --e-e-- e - BuOrd Dm\li.ng 124“15
“‘sher ..... - @ B S B o ee ™o oo e e oo Buo‘d Dl‘aving n%‘&‘
G”kﬂt ) > W B B e W @ S ® S W o e - - - - Buom Dmmg nt
: T Rod = o ~ = = = = = = - - -- - e .- BuOrd Drawing 1190622
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